Background and aim: Naproxen is a member of the Nonsteroidal anti-inflammatory drugs (NSAIDs). This work aimed to synthesize a safe NSAID agent based on a peptide derivative. Methods: The structure of compounds 5-20 was established on the basis of spectral data. Frontier molecular orbitals and chemical reactivity were discussed to clarify inter-and intramolecular interactions among tested compounds. We applied competitive molecular docking using polynomial logarithms to identify the most accurate algorithm for pharmacological activity prediction for the tested compounds. The docking protocol with the lowest RMSD was selected for analyzing binding affinity. Results: Docking results illustrated that the binding interaction increased after introduction of an acidic fragment to the parent compound. These compounds were selected for additional study against adsorption, distribution, metabolism, excretion, and toxicity (ADMET) in silico. The compounds tested had good oral bioavailability without any carcinogenesis effect; no marked health effects were observed via rodent toxicity. Compounds passed through docking and ADMET profiles for them (5-16) were examined as anti-inflammatory and analgesic agents. Compounds 8 and 16 showed higher anti-inflammatory potency than the reference drug and tested compounds. Compounds 8, 10, and 14 exhibited the highest analgesic potency compared to the other tested compounds. Conclusion: The tested compounds have shown negligible ulcerogenic effects, and may be considered safer drugs than naproxen for treating inflammatory conditions.
Introduction
Naproxen is a propionic acid derivative widely used as an analgesic and anti-inflammatory agent. Its action is thought to be related to its inhibition of cyclooxygnase (COX), which leads to a reduction in the concentration of prostaglandin in different tissue types and fluids.
1,2 Naproxen and other aroyl propionic acids have been reported
to cause gastrointestinal problems due to the presence of a free carboxylic group in the parent compound. 3 Therefore, masking of this acidic group may be a promising means to decrease or abolish gastrointestinal toxicity. [4] [5] [6] Syntheses of ester prodrugs of naproxen as promoieties have been reported to improve the therapeutic index for oral delivery of NSAIDs. 7 Naproxen amide compounds synthesized with methyl esters of amino-acid derivatives exhibit reliable anti-inflammatory activity. 8 In addition, the oral anti-inflammatory activity of naproxen glycolamide nitrate was found to cause less gastric damage 9 Also, 2-(1-2(2(2-methoxynaphthalen-6-yl)propanoyl)1H-indol-2-yl) acetic acid and m-aminobenzoic acid (an analogue of naproxen) have been reported to increase anti-inflammatory potency, with lower ulcerogenic activity 10 An amide prodrug of naproxen derivatives has shown significant anti-inflammatory activity compared to the standard drug naproxen. 11 Propane-amide derivatives of naproxen show good antibacterial activity against the Gram-positive bacteria Staphylococcus aureus and Bacillus subtilis and the Gram-negative bacteria Escherichia coli and Pseudomonas aeruginosa, comparable to standard drugs: ampicillin for Gram-positive and ciprofloxacin for Gram-negative bacteria. 12 Additionally, the rate of tumor growth in tumorbearing rats was reduced by 58% when treated with naproxen 13 A hydroxamic acid derivative of naproxen has shown potent histone deacetylase inhibition. 14 Propanamide derivatives and urea derivatives of naproxen have been found to have promising inhibitory effects against the colon cancer cell line HCT-116. 15 Moreover, naproxen is expected to be a promising leader for novel compounds with antiviral activity against influenza A virus. Naproxen esters have been synthesized with tocopherol, and exhibited good antioxidant activity and inflammatory and antioxidant properties. 16 The aim of this research in our laboratory was to study the effect of a combination of amino acids with different aromatic and heterocyclic compounds on their biological and pharmacological activities. [17] [18] [19] [20] Peptides being used as therapeutic agents include Lupron, Sandostatin, and Zoladex. 21, 22 Peptides are intrinsically able to interact with biological systems, and are thus potent therapeutics. [23] [24] [25] Due to the importance of naproxen derivatives, amino acids and peptides act as bioactive compounds. The objective of this study was to synthesize novel anti-inflammatory and analgesic agents based on peptide compounds containing 2-(6-methoxynaphthalen-2-yl)propanoyl isothiocyanate.
Designing synthesized compounds as antiinflammatory agents
In order to identify the structural basis of an anti-inflammatory candidate drug (naproxen), we applied an electrostatic potential map and lipophilicity map, using the PM3 semiempirical method in the MOPAC16 package. 26 From molecular electrostatic potential analysis, it was observed that a high-electron-density region at the carbonyl group (red) was responsible for the activity of naproxen. The lipophilicity map demonstrated that the hydrophilic part on the carboxy group (yellow) and the lipophilic part on the naphthalene scaffold (blue were necessary for the activity (Chart 1). In addition, highestoccupied molecular orbital (HOMO)-lowest unoccupied MO (LUMO) electron-density maps showed HOMO and LUMO overlapped over the naphthalene ring (Chart 1). This clearly suggests that the naphthalene ring is able to include charge-transfer mechanisms or π-π interaction, which demonstrates the importance of the naphthalene scaffold in the molecular structure for enhancement of effi cacy. Therefore, firstly (Chart 2), we increased electron density in the hydrophilic region as an initial hit region by replacing COOH naproxen with a thiourea linker linked with hydrophilic or lipophilic amino-acid residues (5) (6) (7) (8) to take into consideration whether this was better or not (Chart 2). Finally, the carboxy group of different amino-acid derivatives (5-8) was converted to both methoxy (9-12) and hydrazide (13) (14) (15) (16) derivatives, then elongated with a bulker phthalyl group (17) (18) (19) (20) , to judge which types of fragments were preferable as new active molecules.
Results and discussion Chemistry
This study aimed to conjugate amino acids and naproxen. Some of the novel derivatives (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) were synthesized based on naproxol isothiocyanate (4), which may be expected to possess various anti-inflammatory and analgesic agents. The compound naproxol isothiocyanate (4) was synthesized according to a reported method 8 (Scheme 1).
Condensation of naproxolisothiocyanate (4) with amino acids was done by stirring in ethanol using pyridine as an organic base. This reaction produced substituted naproxol thioureido amino acids (5-8;Scheme 2). Infrared (IR) spectra showed absorption bands at 3,444 and 3,207 cm -1 due to OH overlapping NH, in addition to absorptions of carbonyl groups at bands 1,709 and 1,718 cm -1 for compounds 5 and 8, respectively. 1 H nuclear magnetic resonance (NMR) spectra of 5-8 showed the characteristic signal of OH for the carboxylic group of newly coupled amino acids in the range δ=9.9-11.70 ppm.
On the other hand, compound 4 was reacted with free amino-acid methyl esters (L-alanine, β-alanine, L-serine and L-tyrosine) in dry tetrahydrofuran (THF) and drops of triethylamine (TEA) as a catalyst, which produced naproxol thioureido-amino acid methyl esters (9) (10) (11) (12) , respectively (Scheme 3).
IR spectra showed absorption bands at 3,445 and 3,450 cm -1 due to the presence of NH for compounds 9 and H-NMR spectra of 9-12 showed the characteristic signal of OCH 3 for the new ester groups of formed amino-acid esters in the range δ=3.88-3.72ppm. The mass spectrum of compound (12) showed a molecular ion peak equal to its molecular weight at m/z=466 (M + ) and revealed a base peak at m/z=185. Compounds 9-12 were reacted with hydrazine hydrate in ethanol to give naproxol thioureido-amino acid hydrazides 13-16, respectively; Scheme 3). IR spectra showed absorption bands in the range 3,453-3,360 cm -1 due to (NH 2 , NH) for compounds 13-16. The carbonyl groups for these compounds exhibited absorption bands in the range ν=1,736-1,734 cm
H-NMR spectra of 13-16 showed characteristic signals of NHNH 2 in the range δ=10.3-9.99 ppm, in addition to the characteristic signal of NHNH 2 in the range δ=7.01-6.99 ppm. The mass spectrum of compound 14 showed a peak equal to its molecular weight at m/z=374 (20.52%) and base peak at m/z=188 (100%).
On the other hand, compounds 13-16 were reacted with phthalic anhydride to give the corresponding N-phthalimido derivatives (17-20; Scheme 3). IR spectra showed absorption bands in the range 3,451-3,443 cm H-NMR spectra of 17-20, which confirmed the occurrence of the reaction for 13-16 with phthalic anhydride. The mass spectrum of compounds 19 and 20 showed a peak equal to its molecular weight at m/z=522 (46.52%) and 596 (32.71%), respectively, and revealed a base peak at m/z=185 (100%).
Enantiomeric purity was evaluated for compounds 5, 7-9, 11 -13, 15-17, 19 , and 20 through determination of values of the specific rotation, enantiomeric excess (ee) and diastereoisomeric excess (de); these values were unchanged after repeated crystallization for several times. Thin-layerchromatography (TLC) analysis and optical purity for the obtained compounds were >97%. Therefore, as we expected, stereochemical configuration at the α-carbon atom of the acid was practically unaffected without undergoing any significant loss of optical activity. (17) (18) (19) (20) groups in the parent molecule led to maximum electroacceptance. All compounds were almost equal for the donating power of the electron ω−. Compounds bearing alanyl residues (5, 9, 13, and 17) had the highest electron acceptance. All methoxy (9-12) and hydrazide (13) (14) (15) (16) members showed more electrophilicity (ω ± ) and electronegativity (χ) than other members. From these data, the hydrazide derivative was the best nuclophile, with high donating power for the electronic charge. As such, we think these compounds may attack the hydrophilic part of the receptor. 
Docking studies
To identify a suitable anti-inflammatory agent from the synthesized compounds, the biological data were clarified on a structural basis using a docking study. The docking experiment was performed using three search algorithms. These algorithms generated different scores (dG, MolDock, and Plants). We obtained an X-ray of the crystal structure of COX2 (ID 1PXX) 30 complexed with naproxen as reference inhibitor. Scatterplots of RMSD vs docking scores for different docking protocols are given in Figure 1 . The MOE protocol exhibited a correlation coefficient of 0.472 P<0.002), with an RMSD range of 0.594-0.94 Å for all tested compounds. We used the MOE technique (with the lowest RMSD) to perform docking visualization against COX2 for all members (Table S2 ). Data in Tables 2 and S2 show that all compounds displayed accurate binding energy (RMSD<1Å), except phthaloyl derivatives (17) (18) (19) (20) , which demonstrated binding energies (RMSD>1Å). Tyrosine residue in 8, 12, and 16 exhibited the highest MOE scores (−137.51, -136.48, and -124.69 kcal/mol), respectively. Meanwhile, introducing β-amino acid to the parent compound showed the lowest binding energies (−122.22, −107.78 and −101.83 kcal/mol) for compounds 6, 9, and 14, respectively. Serine fragments in 6, 10, and 15 revealed lower interaction potency than compounds bearing an alanine moiety (5, 9, and 14). Generally, the binding interaction increased with introduction of an acidic fragment to the parent compound.
Interaction strength was free acids (5-8) > methyl esters (9-12) > hydrazide derivatives (13) (14) (15) (16) 
ADMET profile
To be an ideal drug, a bioactive molecule should have low toxicity, as well as good pharmacokinetic properties. Oral bioavailability plays a vital role in enhancement of any therapeutic bioactive molecule. Therefore, it is useful to know the adsorption, distribution, metabolism, excretion and toxicity (ADMET) profile before beginning experimental assessment, which can be expensive and labor-intensive. ADMET descriptors were elucidated using both MOE, 27 and ADMET SAR 36 tools (Table 1) . obeyed Lipinski rules (Figure 4) , 37 Lipophilicity was >5.0, 38 absorption~50.64%-71.48.%, 39 and topological polar surface area <140 (molecules passively absorbed if >140) 38 These data suggested that these compounds may No compounds acted as inhibitors or substrates against Pgp. Therefore, these compounds can be retained safely without any effect. 40 All compounds were able to pass through the blood-brain barrier. Permeability of the compounds through the BBB indicated that they may be effective in treating inflammation. The compounds displayed weak inhibition against the hERG gene. These features can conduct to long QT syndrome. 41 As such, we have concluded that, these compounds may be have a good oral bioavailability without observed any marked health effects via rodent toxicity profiles.
Pharmacological activities Anti-inflammatory activity
In vivo anti-inflammatory screening was performed for the compounds (5-16) using a carrageenan-induced ratpaw-edema assay. 42 Naproxen is one of the most potent NSAIDs, and was used as a reference drug in this study. Reduction in tested compounds for edema in comparison with the control and naproxen (reference drug) was calculated (Table 2) . Generally, compared to naproxen, all tested compounds exhibited lower potency, except compounds 8 and 16, which showed about 1.4 times the potency of the reference drug. After 1 hour of induced inflammation, compounds 5, 8, 15, and 16 showed the highest anti-inflammatory activity compared to the reference drug and other members, while 6 7, and 11 exhibited moderate potency among the tested compounds. The other compounds showed lower potency. For the entire experiment, compounds bearing tyrosine (8) and tyrosin hydrazide (16) fragments showed the highest anti-inflammatory activity (131.2% and 133.9%, respectively, after 4 hours) of all synthesized compounds. These compounds exhibited activities 1.3 times better than naproxen, which may be explained by the increasing hydrophilicity of the parent compound. Ester (9-12) and β-Ala hydrazide derivatives (14) exhibited a lowest anti-inflammatory potency throughout the experiment. Also, most carboxylic acid members (5-7) showed moderate potency throughout (60.3%-85.2%, after 4 hours). After 2, 3, and 4 hours of induced inflammation, the presence of alanyl-hydrazide (13) and serinyl-hydrazide (15) in the parent compound showed moderate potency compared to the reference drug (Table 2) .
Analgesic activity (tail-flick latency test)
The analgesic activity of tested compounds was evaluated using the tail-flick test in rats. 43 Tail-withdrawal latency for the tested drugs is given in (Table 3 ). All tested compounds showed a significant delay in latency. Latency showed a significant increase in most treated groups, analgesic potencies arranged in descending order for compounds (8, 10, 14, 6, 7, 16, 9, 5, 12, 13) with activity percentages (50.0%-84.3% after 120 minutes), compared with the reference drug (Table 3) . At 30 minutes postinjection, only compound (14) showed increased tail-withdrawal latency value (6.1±0.4) over naproxen. After 120 minutes, compounds 8, 10, and 14 exhibited the ; highest potency (84.3%, 81.4%, and 81.4%, respectively; significant) compared to synthesized members (5-16).
Compounds bearing free Tyr (8) fragments showed the highest potency, in addition to elongation alkyl chain was increased activity as β-AlaO-Me (10) and β-Ala hydrazide (14) derivatives. -The remaining compounds showed moderate analgesic activity at all time points (Table 3) .
Acute ulcerogenesis
Compounds were screened for gastric irritation activity. The ulcerogenic effect of naproxen and newly synthesized compounds was studied. Naproxen showed moderate gastric ulceration. No synthesized compounds showed any lesions in the stomach on macroscopic examination. These compounds showed negligible ulcerogenic effect, and may be considered safer drugs for treating inflammatory conditions.
Materials and methods Animals
Mature Wistar rats (weighing 130-150 g) were purchased from the Animal House Colony at the National Research Centre, Egypt. Standard conditions were a 12:12-hour light: dark cycle and well-ventilated rooms for housing of the animals. Animals were kept in hygienic cages and given free access to clean standard pellet-diet food and water. One week before experimentation, all animals were shifted to adapt to the laboratory environment. This study was done according to standards of the ethics committee of the National Research Centre (approval MREC-17-141), which is in accordance with the national regulations on animal welfare and Institutional Animal Ethics Committee. H-NMR spectra were run on 500 MHz instruments (JEOL, Tokyo, Japan) in DMSO-d6.
Synthesis of naproxen (2), naproxol chloride (3), and naproxol isothiocyanate (4)
These compounds were prepared according to previously reported methods. 8 
Synthesis of naproxol thioureido amino acids (5-8)
These compounds were synthesized by stirring free amino acids with naproxolisothiocynate (4) in THF and a few drops of pyridine. The progress of the reaction was monitored by TLC. After neutralization by 1N HCl, the crude materials purified by recrystallization from ethanol, yields (68-80%). All the synthesized compounds (5-8) were chromatographically homogeneous when developed with iodine solution, benzidine, and gave negative ninhydrin tests. Structures of the synthesized compounds (5-8) were confirmed from elemental analysis, chromatographic studies, spot reactions, IR spectra, and 1 H NMR spectra. Complete acid hydrolysis of the synthesized compounds (5-8) using 6NHCl at 110°C for 24 hours gave positive ninhydrin spots of L-alanine, β-alanine, L-serine and L-tyrosine.
2-(3-(2-(6-methoxynaphthalen-2-yl)propanoyl)thioureido) propanoic acid (5 3-hydroxy-2-(3-(2-(6-methoxynaphthalen-2-yl) propanoyl)thioureido)propanoic acid (7) Yield: 80%; melting point: 108-110°C, R f : 0.65 (S), α ½ 
Synthesis of naproxool thioureido-amino acid methyl esters (9-12)
These compounds were synthesized by stirring amino-acid methyl ester hydrochlorides (L-alanine, β-alanine, L-serine, and L-tyrosine) with naproxol isothiocyanate (4) in THF and a few drops of TEA for 3 hours. Progress of the reaction was monitored by TLC. After TEA-HCl had been filtered off, the solvent was removed in vacuum and crude materials purified by recrystallization from ethanol (yields 65%-80%). All synthesized compounds (9-12) were chromatographically homogeneous when developed with iodine solution and benzidine, gave positive hydroxamate reactions, and gave negative ninhydrin tests. Structures of the synthesized compounds (9) (10) (11) (12) were confirmed by elemental analysis, chromatographic studies, spot reactions, IR spectra, 1 H NMR spectra, and mass spectra. Complete acid hydrolysis of the synthesized compounds (9-12) using 6 N HCl at 110°C for 24 hours gave positive ninhydrin spots of L-alanine, β-alanine, L-serine, and L-tyrosine. 
Synthesis of naproxol thioureido-amino acid hydrazides (13-16)
These compounds were synthesized by heating naproxol thioureido-amino acid methyl esters (9-11) with ethanolic hydrazine hydrate solution for 30 minutes. Progress of the reaction was monitored by TLC. The desired materials were filtered off and recrystallized from ethanol (yields 67%-76%). All synthesized compounds (13) (14) (15) (16) were chromatographically homogeneous when developed with benzidine and iodine solution, gave positive silver nitrate reactions, and gave negative hydroxamate and ninhydrin reactions. Structures of the synthesized compounds (13) (14) (15) (16) were confirmed by elemental analysis, chromatographic studies, spot reactions, IR spectra, 1 H NMR spectra, and mass spectra.
Complete acid hydrolysis of the synthesized compounds (13-16) using 6 N HCl at 110°C for 24 hours, gave positive ninhydrin spots of L-alanine, β-alanine, L-serine, and L-tyrosine.
N-(1-hydrazinyl-1-oxopropan-2-yl-carbamothioyl)-2-(6-methoxynaphthalen-2-yl) propanamide (13 N-(1-hydrazinyl-3-(4-hydroxyphenyl)-1-oxopropan-2-ylcarbamothioyl)-2-(6-methoxynaphthalen-2-yl) propanamide (16 Synthesis of naproxol thioureido-N-phthalimido amino-acid hydrazides (17) (18) (19) (20) These compounds were synthesized by fusing naproxool thioureido-amino acid hydrazides (13-16) with phthalic anhydride in an oil bath for 15 minutes. The solid obtained was recrystallized from ethanol-water to give the desired compounds (yields 62%-72%). All synthesized compounds (17) (18) (19) (20) were chromatographically homogeneous when developed with benzidine and iodine solution, gave positive silver nitrate reactions, and gave negative hydroxamate and ninhydrin reactions. Structures of the synthesized compounds (17) (18) (19) (20) were confirmed by elemental analysis, chromatographic studies, spot reactions, IR spectra, 1 H NMR spectra, and mass spectra. Complete acid hydrolysis of the synthesized compounds (17) (18) (19) (20) with naproxen (1PXX33) were obtained prepared using MOE 2015. Water and inhibitor molecules were removed and hydrogen atoms added. Parameters and charges were assigned with an MMFF94× force field. We defined active sites based on the original ligand in the crystal using the site-finder module of MOE. Optimized 3-D structures of molecules were subjected to generate different poses of ligands using triangular matcher placement, which generates poses by aligning ligand triplets of atoms on triplets of α-spheres represented in receptor site points. A random triplet of α-sphere centers was used to determine the pose during each iteration. The pose generated was rescored using the London dG scoring function. Docked poses were clustered using two methods. First, analysis of protein-lipid interaction by fluorescence was carried out with MOE and four bits extracted. Cluster analysis was performed with the k-means algorithm. 18 Second, MOE was used for cluster analysis of ligand poses on the basis of the RMSDs of the compounds' atomic coordinates. Then, representative structures were selected by comparison of the docking scores (generalized Born volume integral/ weighted surface area ΔG) of the poses in each cluster. The structures selected by this process were used as initial structures in the subsequent MD simulations. The poses generated were refined with the MMFF94× force field and solvation effects treated. The Born solvation model (generalized Born/volume integral) was used to calculate final energy, and finally assigned poses were assigned a score based on free energy (kcal/mol). The results were analyzed with Discovery Studio 2017 software. 35 
ADMET predictions
We used ADMET profiles for in silico identification of ADMET. MOE and ADMET SAR tools were used for prediction of pharmacokinetic parameters.
Pharmacological activities
Pharmacological activities for the newlysynthesized compounds were estimated in rats (130-150 g). In apreliminary test to choose the dose for biological testing, animals ingroups of six rats for each group received 0.2 mMol/100 g orally in DMSO for the tested compounds and 0.1 mMol/100 g orally in DMSO for naproxen. Animals were observed for 24 hours for signs of toxicity and number of deaths. No deaths were recorded, and there were no observed signs of distress, dyspnea, impaired movement, seizures, or any other abnormal clinical signs.
Anti-inflammatory activity
Anti-inflammatory effects of the newly synthesized compounds were evaluated using a carrageenan-induced ratpaw-edema assay Edema was induced in the left hind paw of all rats by subcutaneous injection of 0.1 mL 1% (w:v) carrageenan in distilled water into their footpads. Rats were divided into 18 groups of six rats each. The first group was assigned as the control and orally given a matching volumes of solvent (1% DMSO). The other groups were orally administered the tested drugs in doses of 5 mg/kg and 2.5 mg/kg naproxen dissolved in 1% DMSO 1 hour before carragennan injection. Paw volumes were measured using plethysmometry (Ugo Basile, Italy) 1, 2, 3 and 4 hours after injection of 1% carragennan. Edema rate and inhibition rate were measured at the sameintervals, in accordance with Khalifa et al: 42 Edema rate % ð Þ¼ Vt À Vo=Vo Inhibition rate % ð Þ¼ Ec À Et=Ec where Vo is the volume before carragennan injection (mL), Vt the volume at t hours after carrageenin injection (mL), Ec the edema rate of the control group, and Et the edema rate of the treated groupv
Analgesic activity
Analgesic validation of the tested compounds was evaluated using tail-flick test.3 Latency of the tail-withdrawal reflex was measured 60 minutes following drug administration. Rats were divided into groups of six animals each. Group 1 was kept as control and received vehicle only, while group 2 received pure naproxen (2.5 mg/kg orally) in DMSO. Groups 3-18 received 5 mg/kg orally of the tested compounds in DMSO. Rats were gently held with the tail put on the tail-flick apparatus (Ugo Basile) and the tail-flick response elicited by applying a radiant-heat stimulus to the ventral surface of the tail about 3-4 cm from the tip. The time in seconds from initial heat-source activation until tail withdrawal was recorded. The mean of two measures was used for each experimental animal as tail-withdrawal latency. In order to avoid excessive suffering of animals, a cutoff was set at 30 seconds.
Acute ulcerogenesis
This study was carried out on healthy albino rats. Animals were divided into groups of six each group 1 served as control and received vehicle only, group 2 received pure naproxen 2.5 mg/kg orally in DMSO, and the other 16 groups received 5 mg/g orally of the tested compounds in DMSO. Food but not water was removed 24 hours prior to administration of the tested compounds. Rats were fed a normal diet for 17 hours and then killed after drug treatment. Stomachs were removed and opened along the greater curvature, washed with distilled water, and cleaned gently by dipping in saline. Mucosal damage was examined by magnifying glass. For each stomach, mucosal damage was assessed macroscopically.
Statistical analysis
Results were compared to untreated and standard groups and analyzed using one-way ANOVA followed by Dunnett's multiple comparisons using SPSS 17.0 and expressed as means ± SE.
Conclusion
The present work aimed to synthesi some novel naproxl thiourea nucle. Synthesized compounds were characterized by different spectral data. Chemical reactivity analysis wasperformed, which introduced a possible explanation for reactivity of ligands against receptors. Data obtained indicated that the carboxyl (5-8) and phthalyl (17) (18) (19) (20) derivatives possessed lower electrophilicity than methoxy (9-12) and hydrazide (13) (14) (15) (16) members. Th, these compounds may attack the hydrophilic part the receptor. Molecular docking showed that the presence of tyrosine residues (8, 12 , and 16) resulted in the highest MOE scores, while introduction of β-amino acid to the parent compound resulted in the lowest binding energies. In addition, he presence of serine and alanine residues resulted in moderate binding potency. Binding-interaction strength was free acids (5-8) > methyl esters (9-12) > hydrazide derivatives (13) (14) (15) (16) . Also, binding interactions increased with increasing hydrophobicity of ligands. The ADMET profile in silico showed that these compounds probably have good oral bioavailability without any carcinogenesis effect or marked health effects via rodent toxicity profiles. Compounds (5-16) passed through docking and ADMET profiles were examined as antiinflammatory and analgesic agents. Compounds 8 and 16 showed higher anti-inflammatory potency than reference drug and tested compounds. Compounds 8, 10,and 14 exhibited the highest analgesic potency compared to other tested compounds. All compounds showed negligible ulcerogenic effect, and may be considered safer drugs than naproxen for treating inflammatory conditions.
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